laboratory (11) indicates that water congestion does not induce neoplastic growth, but makes tumor development only more pronounced. At present, the spectral quality of irradiation appears to be a primary factor in the regulation of nonpathogenic tumorous growths. Radiation in the near UV region of the electromagnetic spectrum has been demonstrated to inhibit or prevent the occurrence of these growths (11, 17) . Because many glass and plastic greenhouse coverings and plastic lamp barriers in growth chambers absorb UV-B wavelengths (18) , these environments are particularly conducive to tumor development on susceptible species. Visible wavebands also have been implicated in the regulation oftumor development. During some early work on Hibiscus (3) , it was observed that intumescences would develop on plants grown under red 'glasses,' but not under blue, yellow or green 'glasses.' Other investigators have also alluded to this response (4) , but careful studies of visible radiation effects on tumor development have not been reported. The purpose of this investigation was to define the wavelengths of visible irradiance responsible for regulating tumor development and, if possible, elucidate the mechanisms involved.
Abnormal plant cell enlargement and division, resulting in growths commonly referred to as galls, tumors, or neoplasms, can be triggered by a number of factors. Many of these growths are induced by the action of pests such as insects, mites, and nematodes, or by pathogenic organisms, such as bacteria, fungi, or viruses (13) . Others arise in the absence ofinducing organisms. These latter are generically referred to as nonpathogenic or spontaneous tumors. Nonpathogenic tumors occur on a number of species, and exhibit a large degree of cultivar sensitivity. The best known examples of nonpathogenic tumorous growths are the 'genetic' tumors of Nicotiana (12) , 'neoplastic pods' of peas (2) , and edema (intumescence injury) which is prevalent in many Solanaceous species (10) . The relationship between these various tumor types is not well understood, but it is suspected that most result from a similar underlying mechanism. Studies suggest that the potential for tumor development is inherited as a dominant genetic trait and results from aberrant regulation of plant growth substances, likely auxins and cytokinins (2) . Nonpathogenic tumor development on the leaves of a tomato plant is shown in Figure 1 .
It has been found that nonpathogenic tumorous growths are controlled by such external environmental factors as humidity and irradiance (11) . These (Fig. 1) . Plantlets, from stem cuttings obtained from sterile shoot culture, were transplanted into a peat vermiculite medium and maintained in a growth chamber for experimental use. Irradiation was provided by CWF2 lamps at a photosynthetic photon flux of approximately 300 ,umol m-2s-' for a 16 h photoperiod. The chamber did not have a lamp barrier so that plants received sufficient UV-B radiation from the CWF lamps to prevent tumor development. Day and night temperatures were maintained at 22±2°C, relative humidity was maintained at 60±10%, and plants were watered to excess with nutrient solution (6) four times daily using an automatic watering system.
Experiments were carried out using a procedure to induce tumors on leaf discs (16) . This procedure involved floating the discs adaxial surface down in small vessels for 3 d. Irradiation was provided from beneath the vessels and UV absorbing Plexiglas was placed between the vessels and the irradiance source to allow injury development. Injury levels on leaf discs were scored at the end of each experiment using a scale from 0 to 100%, with the rating corresponding to the proportion of leaf area covered by tumorous growths.
Irradiation. Spectra. A number of different radiation spectra were used in this study, each obtained with different lamp and filter combinations (Fig. 2 Figure  2 , the RF lamps (RED-B) provided a bandwidth more confined to the red region than that obtained with the CWF (RED-A) source. The far-red spectrum (FAR-RED) was generated by using far-red fluorescent (FRF) lamps (Sylvania No. 232). Because some blue and green wavebands were present in the FRF lamps, the same combination of filter materials used with both red sources was utilized. The blue spectrum was generated with CWF lamps filtered with a combination of a No. 85 Roscolux filter and a 15 mil blue acetate sheet (BLUE) (Trancil Wrap, North Lake, IL). The green spectrum (GREEN) used was provided by CWF lamps filtered with No. 15 and No. 86A Roscolux filters, and a 15 mil blue acetate filter.
Measurement. Measurement of the radiation spectra shown in Figure 2 were carried out using a LiCor LI-1800 spectroradiometer. All radiation measurements were made at the disc surface and expressed as ,mol m-2s-'nm-'. Phytochrome photoequilibria were calculated for some of the irradiance treatments used in this investigation to obtain an estimate of the photostationary equilibrium of phytochrome (as Pfr/Ptot) under a particular irradiance spectrum. These values were determined using the procedure and relative quantum efficiences described by Gardner and Graceffo (5).
Treatments. Comparison ofRed, Blue, and Green Irradiation. Three different broad wavebands were compared in this study to determine their effectiveness in the induction of tumor development. Treatments consisted ofthe BLUE, GREEN, and RED-A spectra, and unfiltered CWF lamps (control). PPF ,umol m-2s-'. Far-red levels were controlled by shading the farred lamps to varying degrees with a neutral density screen of cotton muslin. A series of six separate experiments were undertaken, each consisting of four different treatments. Experiments were run for 72 h. In each experiment, three of the treatments consisted of various elevated levels of far-red radiation, and the other treatment (designated as the control) was common to each experiment and consisted ofRED-A irradiance provided by CWF lamps. The RED-A spectrum contained a low level (approximately 3 Iumol m-2s-' ) of far-red (700-800 nm) irradiance in addition to the 15 ,umol m-2s-' of red irradiance. Because there was some overlap between the red and far-red spectra used in this study (Fig. 2) , it was found desirable to express each irradiation treatment as a phytochrome photoequilibrium value. The injury values obtained in each experiment were standardized based on the deviation between the control value for each treatment and the average control value for all experiments.
A second study involved successive sequential exposures to RED-B and far-red irradiance during the 60 h treatment period. The dosage used for the short term red and far red exposures (5 min at a photon flux of 10 ,umol m 2s-') was selected to ensure maximum effect and to simplify experimental setup. However, preliminary studies indicated that total reversal could be obtained at durations and PPFs significantly less than those used. Preliminary studies also indicated that with only 15 min of red irradiation provided during each hourly cycle, the initial PPF had to be near 80 ,mol m 2s-' to obtain moderate levels of injury. Each treatment consisted of three replicates in separate dishes, with 8 discs per replicate. Treatments and replicates were arranged in a randomized block design. The experiment was carried out twice and the data averaged.
RESULTS
Comparisons made between blue, green, and red wavebands demonstrated that red light promoted intumescence development while blue and green light appeared to have little or no effect (Table I) It was found that the development of tumorous growths increased with increasing levels of red light (Fig. 3) (14) . ±3 ,umol m-2s-' was observed to inhibit the expression of neoplasm development. The possibility that the promotive effect of the red radiation. Increasing levels of far-two responses are present and involved in regulating tumor red radiation resulted in decreasing tumor development, and if development is also supported by evidence that tumor initiation sufficient far-red radiation was added, tumor development could and tumor expression in Nicotiana each involve separate genetic essentially be prevented. The level of far-red radiation has been components (1) . Observations made during this study suggest expressed both as photon flux and as PPE values (Fig. 4) . Tumor that these responses may involve both the high irradiance phydevelopment was inhibited to a maximum extent at far-red levels tochrome response and the low fluence phytochrome response greater than apx. 30 gmol m-2s-' (equal to a fluence of 7.8 mol as reported for inhibition of hypocotyl elongation in Cucumis m-2 over 72 h) and at PPE values less than 0.40. For reference, (7) and Sinapis (19) , and the stimulation of anthocyanin forsunlight has an approximate PPE value of 0.59 and does induce mation in Sinapis (19) . The (15) , and work involving interspecific crosses oftobacco (2) suggests that neoplastic growth on leaves may be an aberration of normal tissue development due to the inheritance ofduplicate sets of auxin producing genes. It is therefore possible that an auxin related mechanism is involved in neoplasm development in tomatoes. The inhibition of neoplastic growth by UV radiation might then involve the degradation of auxin or auxin precursors (9) . It would be of interest to determine if UV radiation is exerting its effect directly through an interaction with phytochrome, or through a mechanism involving auxin. Nonpathogenic tumorous growths in some plant species are characterized by cell division as well as by cell enlargement, indicating the possible involvement of cytokinins in addition to auxin. However, it needs to be determined if the abnormal division of cells observed in these species responds to red and far-red irradiance in a manner similar to that observed for the abnormal enlargement of cells in tomatoes as studied herein.
This paper confirms earlier work implicating the involvement of red irradiance in neoplasm development and, as far as is known, provides the first substantial evidence for phytochrome regulation of neoplasm development.
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